Introduction {#Sec1}
============

Calcaneal fracture was firstly described by Norris in the year 1839 and then was named by Malgaigne using his name in the year 1843 \[[@CR1], [@CR2]\]. Calcaneal fracture was one of the common injuries in the department of emergency and orthopedics, and accounting for 60--78% of fractures in tarsal, 30% in foot, and 2--3.1% of all fractures \[[@CR3]--[@CR5]\]. As far as we know, only two studies were conducted to report the population-based incidence of calcaneal fracture \[[@CR5], [@CR6]\]. In the former one \[[@CR5]\], authors used the Finland National Hospital Discharge Register to assess the epidemiology of calcaneal fractures and reported the incidence of 12.5 in males and 3.9 in females per 100,000 persons, respectively. However, only hospitalized patients selected as study objects inevitably result in the underestimation of incidence rate of calcaneal fractures. In the latter one from Edinburgh \[[@CR6]\], authors reported the annual incidence of calcaneal fracture was 16.5 and 6.3 per 100,000 in males and females, and concluded males were more likely to sustain this injury relative to females. But the methodological design as single hospital might compromise the results, although the sample size was not small (752 fractures in 697 patients). Another Finnish study presented rising incidence of low-trauma foot and calcaneus fractures among adults \> 50 years in 1970--2005, but did not analyze the incidence of calcaneal fractures alone \[[@CR7]\]. However, extrapolation of conclusions obtained from these studies to our population and implementation in our routine clinical evaluation might not be valid due to differences in ethnic groups, economic development, culture practice, and lifestyles among different countries. Furthermore, we have not found any previous studies that aimed to investigate the socioeconomic risk factors associated with calcaneal fractures.

Currently, the National Health Services Survey (NHSS) is the epidemiologic database of the national level in China for the collection of data on self-reported fractures at 2 weeks before the surgery. However, we were unable to obtain any information on less severe fractures treated by conservative methods. Furthermore, this national survey system only collected the most basic data on fractures (e.g., age, gender, and fracture occurrence timing), but without any information on type of fracture, body site, injury mechanisms, and related potential risk factor (socioeconomic and lifestyles).

Given above, we designed and performed the China National Fracture Study (CNFS) in 2015 with aims to investigate the population-based incidence of traumatic fracture of the trunk, arms, or legs and associated socioeconomic risk factors and lifestyles. The overall results have been published recently \[[@CR8]\]. In this study, we extracted related data on calcaneal fractures from the CNFS database and aimed (1) to report the national population-based incidence of calcaneal fracture in China and (2) to explore the associated risk factors in term of demographics, socioeconomics, and lifestyles.

Methods {#Sec2}
=======

Sampling method {#Sec3}
---------------

The entire sampling process of CNFS was completed with combined use of optimum allocation and random stratified and probability proportionate to size (PPS) sampling method. During the first phase, 8 provinces (municipalities) were initially selected from 31 provinces (municipalities or autonomous regions) in mainland China based on socioeconomic development and climate, using stratified random sampling method. And within each targeted province (municipalities), sampling was done separately in urban and rural areas (Table [1](#Tab1){ref-type="table"}). Table 1National incidence of calcaneal fractures among Chinese population by demographic, socioeconomic, and geographic factors in 2014ItemsSample sizeMaleFemaleTotalCaseIncidence (1/100000)CaseIncidence (1/100000)CaseIncidence (1/100000)Overall5121874517.3 (12.3--22.4)145.5 (2.6--8.4)5911.5 (8.6--14.5)Age (years) 0--14811664912.756.2(0.2--17.9)(0.8--11.6) 15--442362061815.243.4229.3(8.2--22.3)(0.1--6.7)(5.4--13.2) 45--641385331927.557.22417.3(15.1--39.8)(0.9--13.5)(10.4--24.3) 65 +56282414.2414.2814.2(0.3--28.2)(0.3--28.1)(4.4--24.1)*p* value for trend test5121870.130.0280.021Ethnicity Han4775084317.8145.95711.9(12.5--23.1)(2.8--9.1)(8.8--15) Others34679211.40025.8(− 4.4--27.1)*p* value for difference test5121870.5330.3140.437Region East2329982420.176.23113.3(12.1--28.1)(1.6--10.7)(8.6--18) Central99109714.136.11010.1(3.6--24.5)(3.8--16.3) West1800801415.544.51810(7.4--23.6)(0.1--8.8)(5.4--14.6)*p* value for difference test5121870.6020.8630.553Urbanization Urban area2031011211.766188.9(5.1--18.3)(1.2--10.8)(4.8--13) Rural area309086332185.34113.3(13.8--28.2)(1.6--8.9)(9.2--17.3)*p* value for difference test5121870.0780.8140.151Education Illiterate74937926.1717.31621.4(9.1--43.2)(4.5--30.1)(10.9--31.8) Primary school1589702429.922.52616.4(17.9--41.9)(10.1--22.6) Junior high school121415711.446.7119.1(3--19.8)(0.1--13.2)(3.7--14.4) Senior high school or above40841418.50049.8(0.4--36.7)(0.2--19.4)*p* value for trend test3961630.1040.0360.023

For urban areas, using the optimum allocation and random stratified and probability proportional to size method, we selected a certain number of streets ranging from one to six in each sampled city and a certain number ranging from one to ten neighborhood communities from each chosen street based on the geographical location from west to east on the electronic map. The total number of families in each neighborhood community was determined by the average number of household members according to the latest official census data in China. All members of eligible families to be invited to participate in this study must have lived in their current residence for at least 6 months.

For rural areas, we sampled 1--5 counties in each selected province and then in each county, 1--8 towns were selected. In each town, 1--14 administrative villages were sampled. The sampling process was completed using the probability proportional to size method. In each village, households were calculated and selected based on probability proportional to size principles. Similarly, as in urban areas, all members of eligible families to be invited to participate in this study must have lived in their current residence for at least 6 months.

Participants and survey {#Sec4}
-----------------------

In principle, eligible household members must be personally interviewed by trained research team members. However, for preschool and primary school children, their information should be provided by their guardians in order to ensure data accuracy. For participants who remained non-contactable after repeated visits, telephone surveys had to be used. For any member in selected household who refused to participate, an alternative household was randomly selected from the candidate list.

A standardized questionnaire was administered by our trained research team for data collection. The detailed information included age, sex, Chinese ethnic nationality, marital status, residence, income status, occupation, lifestyles (smoking, alcohol drinking, tea, coffee, and carbonated beverages and daily consumption of meat, protein product, and dairy products) for all participants, age of menopause, and the number of births for women. Individuals who had calcaneal fractures between January 1 and December 31, 2014, then must answer a more detailed accessory questionnaire regarding the fracture occurrence, date and place, and injury mechanism. In addition, they were asked to provide medical records of the index injury, including radiographs, diagnostic reports, and medical reports. And if these data were not available, the survey team paid for individual participants to obtain a new radiograph of their reported calcaneus at a local hospital for reappraisal.

Eight quality control teams were established (one per province) to check for the quality of related data collection. The CNFS was approved by the Institutional Review Board of the 3rd Hospital of Hebei Medical University and written informed consent was obtained from each participant before data collection.

Definition of variables of interest {#Sec5}
-----------------------------------

Individuals were divided into Han ethnicity and others including all the national minority ethnicity. The body mass index (BMI) was calculated as weight divided by the square of height, and was grouped based the reference criteria suited to Chinese people: underweight, \< 18.5; normal, 18.5--23.9; overweight, 24--27.9; obesity, \> = 28 \[[@CR8], [@CR9]\]. Daily diet and drinking including meat and products, bean products, milk and dairy products, coffee, tea, and carbonated beverages were divided into 5 groups based on the frequency of consumption: never, always (at least 1 per day), often (1/day--1/week), occasionally (1/week--1/month), and seldom (\< 1/month). Calcium or vitamin D supplement was defined as positive if participants acknowledged they received calcium or vitamin D or both related medicine or nourishment at least 1 month before the calcaneal fracture occurrence. Urbanization was divided into 2 groups: (1) rural area (village) and (2) urban areas (cities of levels).

Statistical analysis {#Sec6}
--------------------

Incidence rates for calcaneal fractures were estimated for the overall population and for subgroups such as age, ethnics, region, education level, and urbanization level, stratified by gender. For unordered categorical variables such as region, urbanization, and ethnics, the chi-square test was used to test the difference. For ordered categorical variables such as age and education level, we entered the related data as a continuous variable into a univariate logistic regression model to assess the incidence trend.

Case group was defined as adult patients sustaining calcaneal fractures in 2014, and control group was defined as adult individuals without any fracture in 2014. Chi-square test was used to investigate the potential correlations between calcaneal fractures and various factors of interest. Finally, multivariate logistic regression models were used to explore the independent risk factors associated with calcaneal fractures. *P* \< 0.05 was set as the statistical significance level. Odd ratio (OR) values and corresponding 95% confidence interval (95% CI) were used to indicate the strength of correlation of risk factor. The Hosmer--Lemeshow test was used to examine goodness-of-fit of the final model and a *p* value \> 0.05 indicated an acceptable fitness. SPSS 19.0 was used to perform all the analyses (SPSS Inc., Chicago, IL, USA).

Results {#Sec7}
=======

During the survey, a total of 512,187 valid questionnaires were collected and relevant data were abstracted and analyzed. Through the year 2014, 1763 patients sustained traumatic fractures (1833 fractures). Of them, there were 59 patients with 62 calcaneal fractures, indicating that the incidence rate was 11.5 (95%CI, 8.6--14.5) per 100,000 person-years. There were 45 males and their median age was 45 years and the corresponding incidence rate was 17.3 (95%CI, 12.3--22.4) per 100,000 person-years; there were 14 females sustaining calcaneal fractures with median age of 60 years, and the corresponding incidence was 5.5 (95%CI, 2.6--8.4) per 100,000 person-years.

Fall from a height was the most common cause, leading to 47.5% (28/59) of calcaneal factures, and was followed by slip, trip, or fall from standing height, chairs, or stairs (42.4%, 25/59); traffic accidents (5.1%, 3/59); and crushing injuries (5.1%, 3/59) (Table [2](#Tab2){ref-type="table"}). In the middle-aged and elderly patients, 60% (15/25) of the injuries were caused by low-energy slip, trip, or fall from standing height, chairs, or stairs. In terms of occurrence place of calcaneal fracture, home and building site were the first two common sites which accounted for 71.2% of the overall injuries. Besides, work unit was also an important place that should be considered, where 15.3% (9/59) of calcaneal fractures happened (Table [3](#Tab3){ref-type="table"}). Table 2The causal mechanisms for calcaneal fractures in China in 2014 (*n*, %)\*Injury mechanismChildrenAdult (≥ 15 years)Total(0--14 years)MaleFemaleFall from heights2 (66.7)13 (41.9)13 (52.0)28 (47.5)Slip, trip, or fall from standing height, chairs, or stairs1 (33.3)16 (51.6)8 (32.0)25 (42.4)Traffic accident003 (12.0)3 (5.1)Crushing injury02 (6.5)1 (4.0)3 (5.1)Sum3 (5.1)31 (52.5)25 (42.4)59 (100.0) Table 3The place of calcaneal fracture occurrence in 2014 (*n*, %)\*Place of fracture occurrenceChildrenAdult (≥ 15 years)TotalMaleFemaleHome3 (60.0)12 (29.3)8 (61.5)23 (39.0)Work unit1 (20.0)7 (17.1)1 (7.7)9 (15.3)Building site017 (41.5)2 (15.4)19 (32.2)Road01 (2.4)2 (15.4)3 (5.1)Expressway02 (4.9)02 (3.4)School1 (20.0)1 (2.4)02 (3.4)Others01 (2.4)01 (1.7)Sum5 (8.5)41 (69.5)13 (22.0)59 (100.0)

Table [1](#Tab1){ref-type="table"} presented the population-based incidence rates of calcaneal fractures in overall populations and subgroups based on democratic and socioeconomic characteristics, stratified by gender. There was no significant difference in incidence between those of Han ethnicity and all other ethnicities combined, nor was there any significant difference according to geographical region, urbanization, or education, either for overall population or any gender (Table [1](#Tab1){ref-type="table"}). Stratified by age, males of 45--64 years and females of ≥ 65 years had the highest incidence rate (27.5 and 14.2 per 100,000 person-years), respectively. The trend difference of incidence rate by age in females and overall population approach to significance (*p* = 0.028; *p* = 0.021), but was non-significant in males (*p* = 0.130). Stratified by education level, the illiterate in females and males with primary school level had the highest incidence in respective subgroup, and the trend difference test demonstrated the significant result in females (*p* = 0.036) but not in males (*p* = 0.104)

Table [4](#Tab4){ref-type="table"} presented the detailed results of univariate chi-square test between case and control group in adults (≥ 15 years). We could find that there were significant differences between calcaneal fractures and controls in term of gender (*p* \< 0.001), BMI (*p* = 0.015), education level (*p* = 0.038), occupation (*p* = 0.032), meat and product (*p* \< 0.001), smoking status (*p* \< 0.001), alcohol consumption (*p* \< 0.001), sleep time per day (*p* \< 0.001), calcium or vitamin D supplement or both (*p* = 0.025), and history of fracture (*p* \< 0.001). And in other variables, we did not observe the significant differences, such as age and region. Table 4Detailed results of univariate analysis for variables of interestVariablesCase, *n* = 54 (%)Control, *n* = 429,375(%)*p*Gender\< 0.001 Male41 (75.9)214,501 (50) Female13 (24.1)214,874 (50)Age (year) 15--4422 (40.7)235,657 (54.9)0.101 45--6424 (44.4)137,779 (32.1) ≥ 658 (14.8)55,939 (13)Region0.728 Eastern27 (50)193,223 (45) Middle9 (16.7)85,630 (19.9) Western18 (33.3)150,522 (35.1)Urbanization0.213 Rural area17 (31.5)258,563 (60.2) Urban area37 (68.5)170,812 (39.8)Ethnicity0.158 Han53 (98.1)400,874 (93.4) Other1 (1.9)28,501 (6.6)BMI0.015 18.5--23.927 (50)282,433 (65.8) 24--27.918 (33.3)102,964 (24) ≥ 286 (11.1)17,730 (4.1) \< 18.53 (5.6)26,248 (6.1)Education0.038 Illiterate16 (29.6)74,774 (17.4) Primary school23 (42.6)162,924 (37.9) Junior high school11 (20.4)134,891 (31.4) Senior high school or above4 (7.4)56,786 (13.2)Occupation0.032 Unemployed1 (1.9)32,590 (7.6) Office worker2 (3.7)61,747 (14.4) Manual worker25 (46.3)148,165 (34.5) Farmer19 (35.2)105,960 (24.7) Retired4 (7.4)30,197 (7) Students1 (1.9)34,833 (8.1) Other2 (3.7)15,883 (3.7)Meat and product Never or seldom9 (16.7)22,000 (5.1)\< 0.001 Always28 (51.9)216,500 (50.4) Often9 (16.7)130,155 (30.3) Occasionally8 (14.8)60,720 (14.1) Seldom9 (16.7)19,448 (4.5)Dairy and product0.944 Never29 (53.7)210,279 (49.0) Always9 (16.7)69,907 (16.3) Often8 (14.8)76,218 (17.8) Occasionally8 (14.8)72,971 (17)Bean product0.099 Never or seldom7 (13.0)47,925 (11.1) Always13 (24.1)80,682 (18.8) Often16 (29.6)200,433 (46.7) Occasionally18 (33.3)100,335 (23.4)Alcohol consumption\< 0.001 No19 (35.2)289,344 (67.4) Yes35 (64.8)140,031 (32.6)Cigarette smoking\< 0.001 No24 (44.4)324,652 (75.6) Yes30 (55.6)104,723 (24.4)Carbonate beverages0.265 Never or seldom33 (61.1)310,164 (72.3) Always1 (1.9)4766 (1.1) Often3 (5.6)58,481 (13.6) Occasionally6 (11.1)55,964 (13)Coffee0.160 No53 (98.1)401,055 (93.4) Yes1 (1.9)28,320 (6.6)Tea0.093 Never or seldom23 (42.6)255,980 (59.6) Always18 (33.3)103,425 (24.1) Often8 (14.8)41,056 (9.6) Occasionally5 (9.3)28,914 (6.7)Living circumstance0.523 Single-storey house24 (44.4)170,315 (39.7) House ≤ 7 storey28 (51.9)227,535 (53) House \> 7 storey2 (3.7)31,525 (7.3)Calcium or vitamin D supplement or both0.025 No47 (87)404,323 (94.2) Yes7 (13)25,052 (5.8)Average sleep time (hours) per day\< 0.001 ≥ 720 (37)280,212 (65.3) \< 734 (63)149,163 (34.7)Previous history of fracture\< 0.001 No48 (88.9)419,666 (97.7) Yes6 (11.1)9709 (2.3)

Table [5](#Tab5){ref-type="table"} summarized independent risk factors for calcaneal fractures in adults, after adjustment for other confounding variables. BMI ≥ 28.0 significantly increased the risk of calcaneal fracture by 3.04 (95% CI, 1.25--7.38) times, compared to the normal BMI (18.5--23.9). Patients with previous history of fracture had an increased risk of calcaneal fracture by 3.58 times (95% CI, 1.52--8.43). And compared to those having enough sleep time (≥ 7 h/day), average sleep time \< 7 h/day increased the risk of calcaneal fracture by 2.85 times (95%CI, 1.63--4.95). In addition, bad lifestyles such as smoking and alcohol consumption were identified as significant risk factors and increased the 2.54 and 2.51-time risk of calcaneal fractures, respectively. Table 5Results of multivariate logistic regression of risk factors for calcaneal fracturesVariablesExp (B)95%CI*p*Lower limitUpper limitBMI 18.5--23.9Reference \< 18.51.450.444.770.546 24--27.91.560.862.840.144 ≥ 28.03.041.257.380.014Meat and product consumption AlwaysReference Often0.5290.2501.1220.097 Occasionally1.0220.4652.2450.957 Seldom or never3.1821.4946.7790.003Smoking2.541.414.580.002Alcohol consumption2.511.364.640.003Previous fracture history3.581.528.430.003Sleep \< 7 h/day2.851.634.95\<0.001

In the final multivariate logistic regression model, the Hosmer--Lemeshow test demonstrated the adequate fitness (X^2^ = 3.253, *P* = 0.917).

Discussion {#Sec8}
==========

Currently, optimal management of calcaneal fractures is controversial \[[@CR10]\], and compartment syndrome of foot is one of the most important implications after injury, with high risk of morbidity and poor outcome, including persistent neurologic deficits or amputation \[[@CR11]\]. Extensive differences in the epidemiological characteristics of calcaneal fractures among geographic regions, ethnic groups, races, and gender have been reported \[[@CR5]--[@CR7], [@CR12]\], and the results should be for references only but not be directly applied in Chinese policy makers and clinical practices. In the present study, we used the data from CNFS database to resolve this issue and the results showed that the incidence rate of calcaneal fracture was 11.5/100,000 person-years with 17.3/100,000 person-years in males and 5.5/100,000 person-years in females. Fall from height remained in the first place in the causes of calcaneal fracture occurrence, closely followed by skip, trip, or fall from chair or stairs. Over 70% of the injuries occurred at home and building site. In adults, BMI ≥ 28.0, seldom or no consumption of meat and product, smoking, alcohol consumption, average sleep time \< 7 h/day, and previous history of fracture significantly increased the risk of calcaneal fractures.

The incidence rate of calcaneal fractures reported in this study was consistent with that in a UK study \[[@CR6]\] but slightly higher than the study in Finland \[[@CR5]\]. The former one reported the incidence of 11.5 per 100,000 for overall population, 16.5/100,000/year in males and 6.26/100,000/year in females, which were all similar as ours \[[@CR6]\]. However, regarding the injury mechanism, the authors reported falls from a height (71.5%) as the first place, and 64.3% of these were from 6 ft and above, which was considerably higher than ours (47.5%). We thought this great gap mainly lied in the patient source in their study, all patients were from a level-1 trauma center and presented with more severe injuries necessitating hospitalization and operation. In contrast, in our study, patients were sampled based on overall population and therefore were more representative. In fact, results in this study showed that a certain proportion (60%, 15/25) of patients were caused by low-energy slip or fall from low height such as chair, bed, or stairs, in the elderly In the latter study \[[@CR5]\], authors reported the slightly lower incidence rate (12.5/100,000 in males and 3.9/100,000 in females) of hospitalization patients in adults and concluded the incidence remained relatively stable during the past 26 years. In addition, authors observed that male patients with calcaneal fractures were much younger than females (43 vs 61), which was similar as ours (median, 45 years in males and 60 years in females). We infer that this might be related to the high-energy activities in males and relatively poorer bone quality and mass in females.

In the current studies, unhealthy lifestyles or bad habits such as smoking, alcohol consumption, and sleeping time less than 7 h per day was identified as independent risk factor for calcaneal fractures in adults. Alcohol consumption as a risk factor for traumatic fracture had been well recognized in the literature \[[@CR13], [@CR14]\]. Scholes et al. suggested consuming more than 8 units of alcohol for men or more than 6 units for women in the past week increased the 1.65-time and 2.07-time risk of fractures in individuals ≥ 55 years \[[@CR13]\]. The underlying mechanism might be related to metabolic effects and alcohol-related falls \[[@CR13], [@CR14]\]. Stone et al. \[[@CR15]\] reported that women who slept for 5 h or less or 5--7 h had the higher risk of frequent falls, compared to those with adequate sleep (7--8 h/day). And Holmberg et al. \[[@CR16]\] got similar findings in males that sleep disturbances contributed to the increased risk in most fractures. Tobacco consumption was identified to have a significant negative effect on bone mineral density and is a risk factor for fractures in general \[[@CR17], [@CR18]\]. Cornuz et al. \[[@CR17]\] did a large study of 116 229 female aged 34--59 years with up to 12-year follow-up and found an increased relative risk of 1.3 (95% CI 1.0--1.7) for hip fractures in current smokers when compared with non-smokers. A Finland study including 11,798 women aged 47--56 years with follow-up of 5 years showed smokers with less than 20 cigarettes per day and ≥ 20 cigarettes per day increased the 1.73-time and 2.94-time risk of ankle fractures, respectively \[[@CR19]\]. In addition, Cornuz et al. suggested that quitting smoking could at least reduce 30% of the fractures, at 10-year follow-up after quitting \[[@CR17]\]. Therefore, healthy lifestyles like decreased alcohol consumption, non-smoking or quitting smoking, and adequate sleep duration should clearly be advocated to reduce fracture risk.

Obesity (BMI≥28.0) was identified as a significant risk factor for calcaneal fracture and compared to those with normal BMI (18.5--23.9), obese individuals had the 3-time risk of calcaneal fracture. We suggested that heavy weight plays an important role in calcaneal fracture occurrence, which brought greater press on calcaneus when moving or falls from height or standing height, especially in young and middle-aged patients. Nielson et al. and Compston et al. suggested the reduced physical mobility and repeated falls were at least partially responsible for fractures in elderly patients with decreased bone mass \[[@CR20], [@CR21]\]. In addition, obesity-related chronic morbidities as diabetes mellitus and cerebrovascular diseases predisposed to the fractures \[[@CR20]\]. History of previous fracture as a risk factor for the subsequent fracture had been well identified in literature and was re-identified in this study. In a meta-analysis by Klotzbuecher et al. \[[@CR22]\], authors concluded history of prior fracture at any site was an important risk factor for future fractures and the risk of future fractures appeared to increase with the number of prior fractures. Kanis et al. drew the similar conclusion in a meta-analysis that previous history of fracture conferred an increased 1.86-time risk of subsequent fracture of any site beyond that explanation by measurement of BMD \[[@CR23]\]. Reasonable diet with balance portion of meat and vegetables was necessitated for bone health, and meat consumption \< 1 time/month was identified as a risk factor for calcaneal fracture. The underlying mechanism might be related to the animal protein and minerals in meat that were necessary to human, but remains to be investigated.

This is currently the largest questionnaire survey of incidence and risk factors for calcaneal fractures. Despite this, some potential limitations must be mentioned. Firstly, the retrospective nature of this study had its intrinsic weakness in accuracy of collected data, which might incur recall biases. Secondly, the results of patients' self-report on fracture and individual life styles might be affected due to manners or customs. Thirdly, the incidence rate of calcaneal fracture could be underestimated, as we could not capture data on the individual who had died in this index injury or coexisting diseases or complications.

In summary, the current study provided detailed information about the national population-based incidence, characteristics, and related risk factors of calcaneal fractures, which could be used as reference data for healthcare policy makers and health consultation and prevention for individuals. Specific public health policies focusing on decreasing alcohol consumption, quitting smoking, and encouraging individuals to obtain sufficient sleep should be implemented. Reasonable meat consumption and maintaining a normal body weight should be emphasized in individuals, especially in those with history of previous history.
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